To determine the outcome of the management of iatrogenic gastrointestinal tract perforations treated by over-the-scope clip (OTSC) placement.
INTRODUCTION
Iatrogenic perforations that occur during endoscopic procedures are generally managed surgically [1, 2] . Some authors prefer a non-surgical approach in selected cases, despite the considerable risk of morbidity and mortality [3, 4] . Most cases of iatrogenic perforation occur during therapeutic endoscopic procedures, including bilio-pancreatic procedures, particularly in the context of endoscopic mucosal resection (EMR) and endoscopic submucosal dissection (ESD) for the treatment of superficial neoplasia, but there are also descriptions of cases occurring during diagnostic upper or lower gastrointestinal (GI) endoscopy [5] [6] [7] . The reported incidence of perforation during diagnostic endoscopy is between 0.01% and 0.6% while that during therapeutic endoscopy is between 0.6% and 5.5%. Using an over-the-scope clip (OTSC) it would be possible to close these perforations immediately during the endoscopy.
Through-the-scope (TTS) clip closure of endoscopic perforations has been described in the literature since 1997 [8, 9] . However, there are limitations to closing fullthickness defects with TTS clips. The closure is confined to the mucosal and submucosal layers, with relatively low closure force, and the opening span between the jaws is restricted. A new device, the OTSC system (Ovesco Endoscopy AG, Tübingen, Germany) is designed to create full-thickness closure by using teeth arranged in the shape of a bear trap and has a simple method of application. The OTSC is made of a super-elastic, shapememory alloy (nitinol), which takes its former, unbent shape after the clip is released, and thus exerts constant compression on the tissue between the jaws of the clip. von Renteln et al [10] showed, in a porcine model, that the OTSC clips provide a full-thickness closure of perforations. Although the use of an OTSC has been well established during natural orifice transluminal endoscopic surgery [11] and treatment of bleeding [12] [13] [14] in recent years some reports have been published describing the usefulness of OTSC in closing acute iatrogenic perforations, first in animal models and then in humans [15] [16] [17] . The aim of our study was to determine the outcome of the management of iatrogenic gastrointestinal tract perforations treated by OTSC.
MATERIALS AND METHODS
Data were retrospectively collected from eight highvolume tertiary referral endoscopy units. Data from all patients undergoing immediate or 24 h -delayed OTSC placement for acute iatrogenic perforation, during diagnostic or therapeutic endoscopy or other therapeutic maneuvers, in the period between December 2012 and January 2015 were reviewed and reported as mean ± SD. All endoscopic procedures were carried out in patients who were conscious or deeply sedated with anesthesiologist support. The length of follow-up was of 3-mo.
Two different techniques were used for placing the OTSC at the site of the perforation: Only aspirating the defect inside the cap in which OTSC is mounted, or using the "twin-grasper" (Figure 1 ). The twin-grasper is generally used when the defect assumed a round-shape and only aspiration was used when oval-shape.
The twin-grasper, deployed through the working channel of the scope, was used to approximate the two edges of tissue, withdrawing them inside the cap, before releasing the OTSC. The twin-grasper has two independently movable lateral arms, allowing the two edges of the perforation to be grasped at two different times. The twin-grasper ensures that all layers of the gastrointestinal wall are contained in the bite, creating a full-thickness closure of the perforation. The technical success or failure of the OTSC placement was documented by contrast X-ray.
Two different OTSC clip were used in the study: With traumatic and with atraumatic teeth. Traumatic OTSC differ from the atraumatic because of the presence of a spike over the tooth, allowing a best grasping of the tissue.
RESULTS
Of the 20 patients recruited, thirteen were female and seven male. Their mean age was 70.6 ± 9.8 years. The sites of perforation were esophagus (n = 1), stomach (n = 3), duodenum (n = 4), jejunum (n = 2), cecum (n = 1), ascending colon (n = 1), sigmoid colon (n = 7) and rectum (n = 1). Twelve of the perforations occurred during diagnostic endoscopy [3 during endoscopic ultrasound; 7 during colonoscopy in patients with diverticular disease and 2 in a Billroth Ⅱ patient with a duodenoscope during identification of the papilla of Vater during endoscopic retrograde cholangiopancreatography (ERCP)] and eight during therapeutic endoscopy (4 during endoscopic EMR, 2 during ESD, one during therapeutic ERCP and one during tracheostomy). The diameters of the OTSC used were 9 mm (n = 2), 10 mm (n = 5) and 11 mm (n = 13). Mean perforation diameter was 10.1 ± 4.3 mm (range 3-18 mm). Seventeen of the 20 perforations were treated by application of OTSC immediately, and 3 the day after. Most of the used OTSC clips had traumatic teeth (19 traumatic and 1 atraumatic). Results are summarized in Table 1 .
In all of the 20 patients the OTSC was placed successfully (100% technical success) with the correct deployment of the OTSC clip in the site of the defect. The clinical success rate was 90% (18 of the 20 patients) ( Figure 2 ). In two of the patients (10%) the defect was not completely sealed. The first case of unsuccessful closure was a duodenal perforation, as shown by an X-ray transit study of the upper gastrointestinal tract performed immediately after placement of the OTSC, and the patient underwent duodenocefalo-pancreatectomy on the same day because of pancreatic head neoplasia. In both failures the OTSC was applied immediately after the recognition of the perforation. The second case was a sigmoid perforation during colonoscopy; the patient underwent sigmoid laparoscopic resection the day after because developing of peritonitis and the surgical specimen showed an incompletely sealed defect. No technical difficulties were encountered by the different endoscopists in placing the clips in different sites of the gut. No adverse events or deaths were recorded after OTSC placement during 3-mo follow-up and OTSC clips were not retrieved. Eight (40%) out of the 20 patients had a round-shape perforation and 12 patients an ovalshape one (60%). In all of 8 patients with round-shape perforation the defect was closed by twin-grasper plus suction and in all of the 12 patients with oval-shape
Number of patients 20 (13 F and 7 M)
Site Esophagus (n = 1) Stomach (n = 3) Duodenum (n = 4) Jejunum (n = 2) Cecum (n = 1) Ascending colon (n = 1) Sigmoid colon (n = 7)
Rectum (n = 1) Procedure Diagnostic colonoscopy (n = 7) EUS (n = 3) EMR (n = 4) ERCP (n = 3) ESD (n = 2) Tracheostomy (n = 1) OTSC-type 9/t mm (n = 2) 10/t mm (n = 5) 11/a mm (n = 1) 11/t mm (n = 12) perforation the defect was closed only by suction.
DISCUSSION
Iatrogenic perforation has always been considered a potential pitfall of diagnostic and therapeutic endoscopic maneuvers and a challenge to treat, especially before the advent of OTSC. In our series the technical success rate was 100% (20/20 patients) and the clinical success rate was 90% (18/20 patients). In two cases (10%) we did not have complete sealing of the perforation and the patients underwent surgery. Similar data were reported by Voermans et al [18] in the Clipper study, with a clinical success of 89%. Importantly, in this prospective multicenter study the mean endoscopic closure time was 5 min and 44 s ± 4 min and 15 s. The efficacy of OTSC is based on the capacity of the clip to provide full-thickness closure of the perforation, a property well proven in some studies in animal models. At post-mortem examination executed after the OTSC placement, laparotomies revealed the full-tickness closure of the defect and peritoneum or small bowel included in the closure in some cases [19] [20] [21] .
On the analysis of our data we observed that most of the round-shape defects were closed with the aid of the "twin-grasper" and the oval-shape defect were closed by scope aspiration. On the basis of these results we can propose classification of perforations into two types: Round-shape "type-1 perforation" and oval-shape "type-2 perforation" (Figure 3) . The "twin-grasper" plays an essential role in presence of large perforations for its capability to approximate the two edges of the defect allowing a more secure grasp of the defect by the OTSC clip.
The use of suction has to be done in moderation, since excessive suction may grasp a good amount of the bowel wall and result in lumenal restrictions. Excessive suction applied in the perforation area can also theoretically lead to catch of anatomical structures from outside of the bowel wall and involve them into the clipping site. The reason is the relatively low control of the tissue invagination process into the cap and the frequent limitation in visualization during suction. The suction should be used with caution in the colon, which has a relatively thin wall.
The role of OTSC in the management of endoscopic iatrogenic perforation has been discussed also in some case reports and small series. A case of spontaneous iatrogenic perforations sealed by OTSC clip have been described [22] . Changela et al [23] recently described three cases of endoscopic perforation successfully treated by OTSC.
In 2010 Parodi et al [24] demonstrated the usefulness of the OTSC in a small series of patients with GI perforations up to 20 mm. One of the 10 treated cases was solved completely by placing two additional covered stent. More than one OTSC clip can be placed in presence of an iatrogenic perforation. A Japanese group published recently the possibility to apply as many as three OTSC clips in a series of 23 treated patients for bleeding, fistula and perforation of which 4 mucosal defect were observed during ESD [25] . Moreover, a recent systematic review performed by Weiland et al [26] based on a small case series because of the lack of randomized and clinical trials in this field, showed OTSC clip placemen to be a safe and effective method in the closure of GI tract defects, as perforations and acute anastomotic leak. Gubler et al [27] in a series of 14 patients treated by OTSC clip placement for acute iatrogenic perforations of the GI tract demonstrated closure of the GI defects is possible in the presence of a perforation up to 30 mm diameter.
The largest study currently available in the literature about the use of OTSC in acute perforation by Haito-Chavez et al [28] including 188 patients with 48 
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Type-2 perforation (oval-shape) perforations, with a median defect diameter of 7 mm. The rate of successful technical closure of the perforations was 97.5%, with an immediate clinical success of 94.9% and an overall long-term follow-up (207 d) rate of 90%; this rate was higher than that for closure of leaks (73.3%) and significantly higher than that for closure of fistulae (42.9%).
It is now established that the use of OTSC clips may reduce the rate of emergency surgery [29] when an accidental perforation occurs and maybe considered as a mini-invasive endoscopic alternative to surgical repair. Recently, the position statement of the European Society of Gastrointestinal Endoscopy, has introduced the use of OTSC clips in GI tract acute iatrogenic perforations [30] . However, despite the good results reported in the different published studies, OTSC clips are inappropriate in presence of delayed diagnosis by days or weeks, in individuals in whom there is significant peritoneal contamination, in long serosal tears of the colon, and perforations with endoscopic sphincterotomy where placement may result in sealing off the pancreatico-biliary orifices.
In our opinion, considering the high rates of technical and clinical success in sealing perforations of the gastrointestinal tract, OTSC placement should be performed to manage perforations occurring during diagnostic or therapeutic endoscopy or other therapeutic maneuvers, even in small endoscopic centers provided that the endoscopists' training is adequate. It allows a short stay in hospital and results in less hospital costs. Moreover, a failed attempt at OTSC deployment does not preclude subsequent surgical treatment. We suggest using the "twin-grasper" plus aspiration when a perforation type-1 occurs and only aspiration, if the endoscopist is confident with the OTSC system, in perforation type-2.
COMMENTS

Background
Gastrointestinal iatrogenic perforations are generally surgically managed. The reported incidence of perforation during diagnostic endoscopy is 0.01%-0.6%, while during therapeutic endoscopy is 0.6%-5.5%. Using an over-the-scope clip (OTSC) it is possible to close these perforations immediately.
Research frontiers
Through-the-scope (TTS) clip closure of endoscopic perforations has been described in the literature since 1997. However, there are limitations to closing full-thickness defects with TTS clips. The closure is confined to the mucosal and submucosal layers, with relatively low closure force, and the opening span between the jaws is restricted.
Innovations and breakthroughs
Iatrogenic perforation has always been considered a potential pitfall of diagnostic and therapeutic endoscopic maneuvers and a challenge to treat, especially before the advent of OTSC. In the authors' series the technical success rate was 100% (20/20 patients) and the clinical success rate was 90% (18/20 patients). Moreover, on the basis of the shape of the defect, the authors propose a classification of gastrointestinal (GI) tract perforations.
Applications
OTSC clip placement should be performed to manage perforations occurring during diagnostic or therapeutic endoscopy or other therapeutic maneuvers, even in small endoscopic centers provided that the endoscopists' training is adequate. It allows a short stay in hospital and results in less hospital costs. Moreover, a failed attempt at OTSC deployment does not preclude subsequent surgical treatment.
Terminology
Iatrogenic perforations are defect of the entire GI wall (from mucosa to serosa) caused by diagnostic or therapeutic maneuvers.
